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This  report  compares  current  and  tentative  seismic  design  provisions  for  two  types  of 
buildings:  ( I )  Letterman  Army  Hospital,  an  existing  10-story,  reinforced  concrete  building 
located  in  the  Presidio  of  San  Francisco,  CA.  whose  design  was  based  upon  the  1964  Uni¬ 
form  Building  Code  (UBC),  and  (2)  a  three-story,  ductile  moment  resistant  steel  frame 
building  located  in  a  region  of  high  seismicity  and  designed  as  an  essential  building.  The 
comparisons  for  Letterman  Hospital  intiudc  the  magnitude  and  distribution  of  the  seismic 
story  shears  and  lateral  deflections  for  the  1964  UBC.  the  1975  Structural  Engineers 
Association  of  California  (SEAOC)  provisions,  the  1978  Applied  Technology  Council's  — 


DO  tr£?n  1473  EDITION  OF  I  NOV  SS  IS 


OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWWi  D.l.  Entered) 


It  CU  HI  T  Y  CLASSIFICATION  OF  THU  PAOeflWil  I)a<a  Bnfnd) 


Block  20  continued. 

tentative  design  provisions  (ATC-3),  the  TM  5-809-10  Appendix  proposed  design  provi¬ 
sions.  Agababian  Associates’  (AA)  two-dimensional  time  history  modal  analysis.  U.S. 
Army  Construction  Engineering  Research  Laboratory’s  (CERL)  three-dimensional  re¬ 
sponse  spectrum  modal  analysis  and  PMB  Systems  Engineering  Incorporated’s  (PMB) 
three-dimensional  response  spectrum  modal  analysis.  The  comparisons  for  the  three-story, 
ductile  moment  resistant  steel  frame  building  include  the  seismic  design  forces,  story 
shears,  lateral  deflections,  member  si/.es,  and  frame  weights  for  the  transverse  direction 
of  the  building  when  designed  in  accordance  with  the  1975  SEAOC  provisions,  the  1978 
ATC-3  equivalent  lateral  force  procedure,  the  1978  ATC-3  modal  analysis  procedure,  and 
the  TM  5-809-10  Appendix  proposed  provisions.  jZ. _ 

Eoi  Letterman  Hospital,  the  I9o4  UBC  provisions  produce  equivalent  yield  stress  basis 
story  shears  which  aie  approximately  10  to  35  percent  of  the  story  shears  obtained  in 
AA’s  time  history  modal  analysis.  When  the  dynamic  characteristics  of  the  structure  are 
considered  in  determining  the  total  lateral  forces  and  their  distributions,  the  1975  SEAOC 
provisions  produce  equivalent  yield  stress  basis  story  shears  which  are  in  reasonable  agree¬ 
ment  with  the  story  shears  obtained  in  AA’s  time  history  analysis  except  in  the  base 
structure  and  the  intermediate  stories  in  the  towei  in  the  east-west  (E-W)  direction.  The 
1978  ATC-3  modal  analysis  procedure  produces  story  shears  which  are  generally  approxi¬ 
mately  100  percent  greater  than  the  1964  UBC  equivalent  yield  stress  basis  story  shears 
in  the  tower  and  approximately  10  percent  less  than  the  1964  UBC  equivalent  yield  stress 
basis  story  shears  in  the  base  structure.  When  comparable  acceleration  levels  are  specified, 
the  TM  5-809  10  Appendix  provisions  produce  story  shears  which  are  in  reasonable  agree¬ 
ment  with  the  story  shears  from  AA’s  time  history  analysis  except  for  the  lower  stories  in 
the  north-south  (N-S)  direction,  where  they  differ  by  approximately  20  percent.  Further¬ 
more,  the  comparison  of  the  1978  ATC-3  and  TM  5-809-10  Appendix  provisions  and  the 
PMB  analysis  reveals  that  when  comparable  acceleration  levels  are  specified,  the  story 
shears  for  the  1978  ATC-3  provisions  are  approximately  30  percent  of  the  story  shears 
obtained  from  the  TM  5-809-10  Appendix  provisions  and  the  PMB  analysis.  Considering 
the  complexity  of  the  structure  and  the  numerous  and  different  assumptions  that  were 
employed,  the  agreement  between  the  story  shears  lor  the  TM  5-809-10  Appendix  provi¬ 
sions  and  the  PMB  analysis  is  excellent. 

The  lateral  deflections  for  Letterman  Hospital  indicate  that  there  is  better  agreement 
among  the  lateral  deflections  in  the  N-S  direction  than  in  the  E-W  direction,  with  the 
exception  that  in  both  directions,  the  lateral  deflections  from  the  1964  UBC  design 
are  quite  small  and  bear  little  resemblance  to  the  lateral  deflections  obtained  by  the 
other  analyses. 

For  the  three-story  building,  the  1978  ATC-3  story  shears  are  50  to  60  percent  lower 
than  the  1975  SEAOC  equivalent  yield  stress  basis  story  shears,  while  the  TM  5-809-10 
Appendix  story  shears  are  about  325  percent  greater  than  the  1975  SEAOC  story  shears. 
However,  there  is  very  little  difference  between  the  1978  ATC-3  and  TM  5-809-10 
Appendix  lateral  deflections.  Typical  lateral  force-resistant  frames  designed  in  accordance 
with  the  1978  ATC-3  modal  analysis  procedure  and  the  1975  SEAOC  provisions  have 
nearly  identical  weights,  while  frames  designed  in  accordance  with  the  1978  ATC-3 
equivalent  lateral  force  procedure  and  the  TM  5-809-10  Appendix  provisions  have  weights 
about  one  and  one-half  and  two  times  greater,  respectively,  than  the  1975  SEAOC  design. 
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CURRENT  AND  TENTATIVE  SEISMIC 
DESIGN  PROVISIONS  FOR  BUILDINGS: 
PRELIMINARY  COMPARISONS 


|  INTRODUCTION 


Background 

Recent  earthquake  experience  in  the  I  titled  States 
such  as  that  gamed  front  the  1964  Alaskan,  the  1969 
Santa  Rosa,  and  the  1971  San  I  ernando  earthquakes 
has  shown  that  the  philosophy  lor  earthquake  resis¬ 
tant  design  at  that  time  was  not  completely  adequate. 
Tins  philosophy,  as  expressed  in  building  codes,  states 
in  part  that  ''buildings  should  be  able  to  resist  a  major 
earthquake,  of  the  intensity  of  severity  ot  the  strongest 
experienced  in  California,  without  collapse,  but  with 
some  structural  as  well  as  nonstructural  damage."1  The 
collapse  of  the  hour  Seasons  apartment  house  in 
Anchorage  during  the  1964  Alaskan  earthquake,  the 
damage  sustained  by  the  Social  Service  Building  during 
the  1969  Santa  Rosa  earthquake,  and  the  near  collapse 
of  the  multistory  Olive  View  Hospital  during  the  mod¬ 
erate  1971  San  Fernando  earthquake  are  obvious 
examples  which  indicate  that  significant  engineering 
and  scientific  problems  still  remain  to  be  solved. 

However,  since  1971 .  the  Structural  Engineers  Asso¬ 
ciation  of  California  (SLACK' )  has  revised  its  “Recom¬ 
mended  Lateral  Force  Requirements"  to  more  realis¬ 
tically  reflect  the  expected  dynamic  response  of  real 
structures,  and  to  provide  a  means  for  establishing 
more  stringent  design  criteria  for  essential  facilities 
which  must  be  functional  for  emergency  post-earth¬ 
quake  operations.  Recently,  the  National  Science 
Foundation  and  the  National  Bureau  of  Standards 
completed  a  jointly  sponsored  project  with  the  Ap¬ 
plied  Technology  Council  (ATC)  to  develop  compre¬ 
hensive  nationally  applicable  seismic  design  provisions 
for  the  United  States.  The  “Tentative  Provisions  for 
the  Development  of  Seismic  Regulations  for  Buildings,” 
developed  by  this  project,  embody  both  current  and 
several  new  concepts  for  seismic  design.2  Likewise. 


’ Recommended  /literal  Force  Requirements  and  Com¬ 
mentary  (SEAOC.  1 968). 

2  Tentative  Provisions  for  the  Development  of  Seismic 
Regulations  for  Buildings,  ATC-3-06  (Applied  Technology 
Council,  1978). 


the  Armv  is  revising  and  updating  TM  5-809-10. 
Seismic  Design  for  /holdings,  to  improve  seismic 
design  provisions  for  conventional  buildings  and  to 
provide  guidelines  tor  the  design  ot  essential  tacililies 
ih.il  must  remain  functional  alter  a  major  earthquake. 
Hie  lattci  guidelines,  which  aie  based  on  the  tech¬ 
nology  produced  in  the  ATC  project,  are  tailored  to 
military  requirements.' 

To  date,  detailed  comparisons  and  evaluations  of 
these  various  seismic  design  provisions  have  not  been 
made,  although  they  are  urgently  needed  in  order  to 
reconcile  differences  and  inconsistencies  in  the  design 
philosophies  Hus  report  is  a  first  attempt  at  comparing 
and  evaluating  various  seismic  design  provisions. 

Purpose 

Hie  purpose  of  this  report  is  to  compare  current 
and  tentative  seismic  design  provisions  for  two  types 
of  buildings:  ( I )  Letterman  Army  Hospital,  an  existing 
10-story  reinforced  concrete  building  located  in  the 
Presidio  of  San  Francisco,  CA.  whose  design  was  based 
on  the  1964  Uniform  Building  Code  (UBC)  and  (2)  a 
three-story,  ductile  moment  resistant  steel  frame  build¬ 
ing  located  in  a  region  of  high  seismicity  and  designed 
as  an  essential  building.  The  comparisons  for  Letterman 
Hospital  include  the  magnitude  and  distribution  of  the 
seismic  story  shears  and  lateral  deflections  for  the  1964 
UBC.  the  1975  SEAOC  provisions,  the  1978  ATC-3 
tentative  seismic  design  provisions,  the  TM  5-809-10 
Appendix  proposed  seismic  design  provisions,  Agba- 
bian  Associates’  (AA)  two-dimensional  time  history 
modal  analysis,  the  U.S.  Army  Construction  Engineer¬ 
ing  Research  Laboratory’s  (CERL)  three-dimensional 
response  spectrum  modal  analysis,  and  the  PMB 
Systems  Engineering  Incorporated’s  (PMB)  three- 
dimensional  response  spectrum  modal  analysis.4'10  The 
comparisons  for  the  three-story,  ductile  moment  resis¬ 
tant  steel  frame  building  include  the  seismic  design 


'“Seismic  Design  Guidelines  for  Critical  Buildings."  Pro¬ 
posed  Appendix  to  TM  5-809-10  (U.S.  Army  Construction 
Engineering  Research  Laboratory  [CERL],  September  1978. 
revised  March  1979). 

4 Uniform  Building  Code,  1964  ed.  (International  Confer¬ 
ence  of  Building  Officials,  1 964). 

’’Recommended  Lateral  Force  Requirements  and  Com¬ 
mentary  (SEAOC.  1975). 

6  ATC-3-06. 

7Proposed  Appendix  to  TM  5-809-10. 

Footnotes  continued  on  page  1 0. 
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forces,  stor\  shears.  lateral  deflections,  member  sizes, 
and  'tame  weights  for  the  transverse  direction  of  the 
building  when  designed  in  accordance  with  the  1975 
SI  A(X’  provisions,  the  1978  ATC-3  equivalent  lateral 
loice  procedure,  the  1978  ATC-3  modal  analysis  pro- 
cedure.  and  the  TM  5-809-10  Appendix  proposed 
seismic  design  provisions. 

Scope 

Because  ot  the  didicully  and  cost  associated  with 
performing  additional  static  and  dynamic  analyses  of 
the  large  and  complex  Letterinan  Hospital  structure, 
the  comparisons  for  Letterinan  Hospital  are  limited 
solely  to  the  magnitude  and  distribution  of  the  story 
shears  and  lateral  deflections.  Lor  the  three-story .  mo¬ 
ment  resistant  steel  frame  building,  only  the  lateral 
force  resisting  system  in  the  transverse  direction  was 
designed.  The  comparisons  include  ( 1 )  the  magnitude 
and  distribution  of  the  transverse  story  shears;  (2)  the 
transverse  lateral  deflections  of  the  building  under  the 
prescribed  lateral  loads,  (3)  the  frame  member  sizes 
for  the  transverse  lateral  force  resisting  frames;  and 
(4)  the  weight  of  a  typical  steel  frame  required  to  resist 
the  prescribed  lateral  forces  in  the  transverse  direction. 

Mode  of  Technology  Transfer 

The  information  contained  in  this  report  will  be 
used  to  prepare  other  material  for  inclusion  in  TM 
5-809-10,  Seismic  Design  for  Buildings. 


LETTERMAN  HOSPITAL 
2  STORY  SHEARS  AND 
LATERAL  DEFLECTIONS 


Background 

Building  Description 

Letterman  Hospital  is  a  550-bed  Army  medical 
treatment  center  located  in  the  northeast  corner  of  the 

HAgbabian  Associates,  Dynamic  Seismic  Analysis  of  Pri¬ 
mary  Structural  Systems  for  Letterman  and  Hays  General 
Hospitals  (Subtasks  2B.  2C.  and  2D),  Draft  Report  (CERL). 

‘  J  D.  Prendergast  and  C.  K.  Choi,  Three-Dimensional 
Seismic  Structural  Analysis  of  Letterman  Hospital.  Technical 
Report  W-l  75/ADA022085  (CERL,  1975). 

l0Anshcn  and  Allen,  Comprehensive  Upgrade  (Feasibility 
Study)  Building  1 100,  Letterman  Army  Medical  Center, 
Presidio  of  San  Francisco,  California  (Sacramento  District, 
Corps  of  Engineers,  1978). 


Presidio  of  San  Francisco.  The  hospital  is  approxi¬ 
mately  I  1/2  miles  (2.4  km)  southeast  of  the  Golden 
Gate  Bridge  along  the  San  Francisco  Bay  and  approx¬ 
imately  5  to  7  miles  (8.0  to  1 1 .3  km)  east  of  the  San 
Andieas  Fault  (Figure  I)  Designed  and  constructed  in 
the  mid-|9(>0s.  Letterman  Hospital  is  a  10-story  rein¬ 
forced  concrete  stiuctuic  consisting  ol  a  nominal  I  10  x 
175  It  (33.5  x  53.3  in)  tower  and  a  three-story  base 
stiuctuie  with  plan  dimensions  of  295  x  350  It  (90.0  x 
I  Oh. 7  in)  (Figures  2  through  6).  The  lower  two  stories 
ot  the  tower  (the  hospital’s  fourth  and  fifth  floors) 
extend  approximately  72  ft  (22.0  m)  north  of  the  re¬ 
mainder  of  the  tower  (Figure  4).  The  structure  is  rea¬ 
sonably  symmetrical  in  the  north-south  (N-S)  direc¬ 
tion;  however,  there  is  appreciable  eccentricity  be¬ 
tween  the  tower  and  base  structure  in  the  east-west 
(L-W)  direction. 

The  exterior  walls  of  the  tower  and  base  structure 
are  precast  concrete  panels,  while  the  other  structural 
elements  are  cast-in-place  concrete.  The  building  has 
both  hori7.ontal  and  vertical  load-resisting  systems.  The 
exterior  walls,  service  cores,  and  floor  slabs  resist  hori¬ 
zontal  loads.  Lightweight  concrete  floor  slabs  transmit 
wind  and  earthquake  forces  in  addition  to  the  vertical 
forces  resulting  from  both  earthquake  and  gravity  loads, 
to  the  exterior  walls  and  service  cores,  which  carry 
these  forces  to  the  foundation. 

Site  Ground  Accelerations 

In  1973,  a  site-dependent  seismic  investigation  of 
the  Letterman  Hospital  site  was  performed  by  AA  as 
part  of  a  study  to  assess  the  seismic  resistance  of 
Letterman  Hospital  and  to  evaluate  the  feasibility  and 
cost  impact  of  upgrading  the  seismic  resistance  to 
maintain  functional  operations  following  a  major  earth¬ 
quake.  AA’s  study  determined  that  an  8.2  Richter  mag¬ 
nitude  earthquake  on  the  San  Andreas  Fault  having  a 
duration  of  strong  shaking  for  40  to  50  sec  and  a  recur¬ 
rence  interval  of  approximately  100  yr  was  the  maxi¬ 
mum  earthquake  that  could  reasonably  be  expected  to 
occur  near  the  Letterman  Hospital  site.11  Since  ground 
shaking  near  the  source  of  a  great  earthquake  (Richter 
magnitude  8  to  8.5)  has  never  been  recorded.  Type  A-l 
and  A-2  artificial  earthquake  records  (Figure  7)  were 
selected  to  represent  the  site's  ground  motions.  Inter¬ 
relationships  between  Richter  magnitude,  distance 
from  the  site  to  the  causative  fault,  and  peak  accelera¬ 
tions  indicated  that  the  site’s  maximum  horiz.ontal 


1 1  Agbabian  Associates,  Site  Dependent  Maximum  Probable 
Earthquake  Criteria  ( Task  I),  Draft  Report  (CERL). 
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Figure  1.  Location  of  Lettcrnian  Hospital 


ground  acceleration  was  approximately  0.5  g.  More 
recently,  in  conjunction  will)  a  supplementary  upgrade 
.study  i)l  Letterman  Hospital,  the  Office  of  the  Chief 
ol  Fngmecis  (OCF)  estahlished  performance  criteria 
specify  ing  that  leiierman  Hospital  should  be  strength¬ 
ened  to  prevent  collapse  resulting  from  a  design  earth¬ 
quake  which  has  a  20  percent  probability  of  being 
exceeded  in  50  years.  Studies  to  evaluate  the  seismic 
risk  and  develop  the  earthquake  ground  motion  criteria 
were  conducted  by  Dames  and  Moore,  San  Francisco. 
C  A.  front  these  studies,  the  peak  ground  acceleration  of 
the  design  earthquake  was  determined  to  be  0.55g.u 

Dynamic  Analyses 

hi  AA’s  seismic  upgrading  study,  i he  dynamic  analy¬ 
ses  were  confined  to  modeling  the  structural  system  as 
a  series  of  two-dimensional  planar  frame  and  shear  wall 
assemblages,  with  each  assemblage  representing  pari  of 
the  structure’s  total  lateral  resistance,  and  connecting 
the  individual  assemblages  into  a  concatenated  model 
representing  the  total  lateral  resistance  system  in  each 
principal  direction.1  '  I  lie  mathematical  models  were 
then  subjected  to  the  Type  A- 1  artificial  earthquake 
tunc  history  and  the  response  of  selected  structural 

1  Sushi'ii  and  Allen,  <  ompri  fuvisiii  CpitrOile  ( Feasibility 
Sin, hi  Riiildinv  1100.  htterman  Iran'  Mr, Ileal  Center, 
Presidn,  S*m  Iraneiseo  Calilorma  (Sacramento  District, 
Corps  ot  I  nr meer v  l‘)7KI 

' '  Agfa  bun  Associate*.  Dynamic  Seismic  Analysis  of 
Primary  Structural  Systems  for  letterman  and  llavs  Ocncral 
Hospital  /Si,  Musks  ,'H.  JC.  and  2/0.  Draft  Report  (CTRL). 


elements  was  computed  using  the  time  history  modal 
analysis  method.  Because  of  the  planar  aspect  of  these 
analyses,  the  effects  of  torsion  were  not  investigated. 

In  support  of  the  seismic  upgrading  study.  (TR1 
conducted  a  three-dimensional  dynamic  analysis  of  the 
primary  structural  system  for  Letterman  Hospital  to 
assess  the  impact  of  torsion  and  ascertain  whether  a 
simpler  method  of  analysis,  namely  the  response  spec¬ 
trum  modal  analysis  method,  would  yield  comparable 
results.14  Since  the  lateral  force  resisting  system  for 
Letterman  Hospital  is  basically  composed  of  struc¬ 
tural  elements  at  a  number  of  column  lines  in  each 
direction  of  the  structure,  the  structure  was  idealized 
as  a  series  of  planar  frames  with  occasional  isolated 
shear  walls.  Bach  frame  was  treated  as  an  independent 
substructure,  and  the  complete  stiffness  matrix  for  the 
structure  was  formed  under  the  assumption  that  all 
frames  were  connected  at  each  floor  level  by  a  dia¬ 
phragm  which  was  rigid  in  its  own  plane.  Then  dynam¬ 
ics  analyses  were  conducted,  using  the  response  spec¬ 
trum  modal  analysis  method  and  the  10  percent 
damped  smoothed  average  spectrum  for  the  Type  A-l 
and  A-2  artificial  earthquake  records  (Figure  8).  The 
maximum  response  of  the  various  modes  was  com¬ 
bined  by  using  the  square  root  of  the  sum  of  the 
squares  method. 


,4J.P.  I’u'iulergasl  and  C.K.  Choi.  Direr  Dimensional 
Seismic  Structural  Analysis  of  l  etterman  Hospital.  Technical 
Report  M  l  75/ADA022085  (CTRL,  14751. 
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Figure  3.  South  elevation.  Lctterman  Hospital. 

(Metric  conversion  factor  1  ft  =  0  3  ni) 


Figure  4.  East  elevation.  Letterman  Hospital. 

(Metric  conversion  factor:  1  ft  =  0.3  m) 
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Figure  6.  West  elevation.  Letterman  Hospital 
(Metric  conversion  factor:  1  ft  =  0.. 
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Figure  8.  Earthquake  response  spectra  for  CERL  analysis, 

(Metric conversion  factors:  1  in.  =  2.54  cm;  I  in./sec  =  2.54  cm/sec;  1  in. /sec2  =  2.54  cm/sec2 .) 


in  conjunction  with  the  supplementary  upgrade 
study  of  Letterman  Hospital.  PMB  also  conducted  a 
three-dimensional  response  spectrum  modal  analysis 
of  Letterman  Hospital,  using  a  computer  model  de¬ 
signed  to  improve  the  mathematical  idealization  of 
the  existing  hospital.15  PMB  used  “dummy  stories"  to 
approximate  the  behavior  of  the  caisson  foundation 
system  and  of  the  non-rigid  diaphragm  at  the  fourth- 
floor  level.  In  addition,  the  existing  precast  elements 


,sAnjhen  am)  Allen.  Comprehensive  Upgrade  (feasibility 
Study)  Building  1100,  Letterman  Army  Medical  Center, 
Presidio  of  San  h'raneisco,  California  (Sacramento  District. 
Corps  of  Engineers.  1978). 


were  modeled  as  piers  and  spandrels,  with  shear  panels 
located  where  solid  walls  exist;  the  concrete  column' 
and  waftle  slab  frame  system  was  modeled  as  columns 
joined  by  beams  with  properties  of  the  standard  design 
“column  strip"  of  slab.  Interior  core  walls  were 
modeled  as  shear  elements.  Basement  walls  were  also 
modeled  as  shear  elements  when  they  were  of  signifi¬ 
cant  size.  These  various  elements  were  assembled  into 
planar  frames  or  shear  walls  and  then  combined  to 
form  the  total  structure.  Then  dynamic  analyses  were 
conducted,  using  the  response  spectrum  modal  analysis 
method  and  the  10  percent  damped  spectrum  shown  in 
Figure  d.  Likewise,  the  maximum  response  of  the 
various  modes  was  combined  by  using  the  square  root 
of  the  sum  of  the  squares  method. 


FREQUENCY,  CPS 


UNOAUPCO  NATURAL  PERIOD  (SECONOS) 

Figure  9.  Earthquake  response  spectra  for  PMB  analy¬ 
sis.  (Metric  conversion  factors:  1  ft  =  0.3  m; 
1  ft/sec  =  0.3  m/sec;  1  ft/sec2  =  1  nt/sec.) 


1964  UBC  Provisions 

The  original  seismic  design  of  Letterman  Hospital 
was  based  on  the  equivalent  static  lateral  load  specified 
in  the  1964  UBC.  i.e.,  the  Recommended  Lateral  Force 
Requirements  adopted  by  SKAOC  in  1959. 16  In  accor¬ 
dance  with  these  provisions,  the  hospital  was  designed 
to  withstand  minimum  total  lateral  forces  assumed  to 
act  nonconcurrcnlly  in  the  direction  of  each  of  the 
building's  main  axes  in  accordance  with  the  following 
formula: 

V  =  KCW  [Eq  1  ] 

where  V  =  total  lateral  load  or  shear  at  the  base 

K  =  numerical  coefficient  assigned  values  of 
0.67,  0.80.  1.00,  1.33,  depending  on  the 
type  and  arrangement  of  the  resisting 
elements 

C  =  numerical  coefficient  determined  in  accor¬ 
dance  with  the  following  formula: 


where  T  is  the  fundamental  period  of  vibra¬ 
tion  of  the  building  in  seconds  in  the  direc¬ 
tion  under  consideration 
W  =  total  dead  load 


The  dynamic  characteristics  of  Letterman  Hospital 
must  be  known  in  order  to  compute  the  magnitude  and 
distribution  of  the  story  shears  and  lateral  deflection 
specified  by  the  current  and  tentative  design  provisions. 
For  consistency  in  these  comparisons,  the  masses, 
periods,  and  mode  shapes  obtained  from  the  CERL 
dynamic  analyses  have  been  adopted  as  representing 
the  dynamic  characteristics  of  the  Letterman  Hospital. 
Tables  1  and  2  summarize  these  dynamic  characteris¬ 
tics  for  each  of  the  principal  directions. 


Table  1 

Predominant  Periods  of  Vibration 
for  Letterman  Hospital 

Period,  sec 


N-S 

E-W 

Mode 

DLrecljpn 

Direction 

1 

0.702 

0.752 

2 

0.244 

0.298 

3 

0.132 

0.148 

The  total  lateral  force,  V,  was  distributed  over  the 
height  of  the  building  in  accordance  with  the  formula 

Fx=vTr-JL  lEq  31 

N 

EWjhj 

N 

where  Fx  =  lateral  force  applied  to  a  level  desig¬ 
nated  as  x 

hx  =  height  in  feet  above  the  base  to  the  level 
designated  as  x 

wx  =  that  portion  of  W  which  is  located  or 
assigned  to  the  level  designated  as  x 
2  Wjhj  =  summation  of  the  product  wxhx  for  the 
building 

To  account  for  the  set-back  conditions  between  the 
base  structure  and  the  tower,  the  tower  was  designed  as 
a  separate  structure  and  the  total  shear  resulting  from 


l6Agbabian  Associates,  Aseismic  Design  Criteria  of  Reha¬ 
bilitation  at  Existing  Hospital  Facilities.  Task  2A  Summary 
of  Existing  Static  Design  Data.  Draft  Report  (CERL). 


Table  2 


Masses  ami  Mode  Shapes  for  Letterman  Hospital 

(Metric  conversion  factor  :  1  ki£rs??-  =  0.01 5  ) 

ft  m 


Mode  Shape 


Level 

Mays 
kip  see 1 

N-S  Direction 

l  -W  Direction 

ft 

Mode  1 

Mode  2 

Mode  3 

Mode  1 

Mode  2 

Mixle  3 

Root 

145  1  86 

0.16999 

0  10728 

0.12317 

0.17034 

0.10212 

0.10747 

10 

119.720 

0.14973 

0.05912 

0.02597 

0.14982 

0.0591 1 

0.01565 

9 

1 19.720 

0  13788 

-0.00963 

-0.06288 

0.12761 

0.01406 

-0.06775 

H 

1 19  720 

0  10478 

-0.03588 

-0.11873 

0.10393 

-0.02866 

-0.11518 

7 

1 19.720 

0.08014 

-0.071 75 

-0.12573 

0.07940 

-0.06406 

-0.10968 

6 

154.814 

0.05791 

-0.09314 

-0.08512 

0.05148 

-0.09575 

-0.07942 

5 

157.609 

0.03737 

-0.09636 

-0.01419 

0.03647 

-0.09820 

-0.01802 

4 

622.671 

0.01903 

-0.0861 1 

0.05954 

0.02238 

-0.08705 

0.06247 

3 

313.973 

0.00910 

-0.05422 

0.06102 

0.01010 

-0.04901 

0.05402 

2 

385.093 

0.00243 

-0.01684 

0.02297 

0.00338 

-0.01820 

0.02548 

1 

372.671 

0 

0 

0 

0 

0 

0 

the  tower  was  applied  at  the  top  of  the  three-story 
base  structure  of  the  building.  In  the  l-W  direction,  the 
tower  was  assumed  to  extend  upward  from  the  fourth 
(loot;  however,  in  the  N  S  direction,  due  to  the  north¬ 
ward  extensions  of  the  fifth  and  sixth  floors,  the  tower 
w  as  assumed  to  extend  upward  from  rhe  sixth  floor. 

The  hospital  was  designed  as  a  box  system,  i.e.. 
k  =  I  ..TV  I'he  values  assigned  to  C  for  the  1>W  tower 
structure.  I  -W  base  structure.  N-S  tower  structure, 
and  N-S  base  structure  were  0.070,  0.101 . 0.084.  and 
0.087.  respectively.11  The  lateral  story  forces  and 
story  shears  used  in  the  working  stress  design  are  tabu¬ 
lated  in  fable  .V  Based  on  these  values.  Letterman 
Hospital  was  designed  to  resist  approximately  0.1  g 
lateral  load  However,  to  provide  a  consistent  basis  for 
comparison  with  some  of  the  newer  design  provisions 
which  are  based  on  permitting  material  stresses  to 
appioach  yield  stresses,  the  working  stress  design  story 
shears  for  I  etterman  Hospital  must  be  multiplied  by  a 
factor  to  obtain  equivalent  yield  stress  basis  design 
story  shears.  In  reviewing  the  existing  design,  the 
design  calculation  sheets  indicate  that  the  designer  used 
42  0  ksi  (220  b  MI’a)  as  an  allowable  stiess  in  rein¬ 
forcing  steel  for  earthquake  forces.  Cleneral  notes  on 
the  drawings  indicate  that  the  yield  stress  for  this 
reinforcing  steel  was  40.0  ksi  (275.8  MPa).1"  Thus,  the 
working  stress  design  story  shears  for  Letterman  Hos¬ 
pital  were  multiplied  by  the  factor  40/52  =  1.25  to 

1 7.-t seismic  Design  Criteria 
1  ".  I  seismic  Design  Criteria 


obtain  the  approximate  equivalent  yield  stress  basis 
design  story  shears.  These  story  shears  are  tabulated 
in  Table  4  and  presented  as  Curve  A  in  f  igures  10 
and  1 1 


Table  3 

Summary  of  1964  UBC  Working  Stress  Design  Forces 
(Metric  conversion  factor:  1  kip  =  4.4  kN.) 

N-S  Direction  E-W  Direction 


Lateral 

Story 

Lateral 

Story 

Floor 

Force 

Shear 

Force 

Shear 

Level 

kip 

kip 

kip 

kip 

Roof 

725 

725 

662 

662 

10 

469 

1194 

459 

1121 

9 

352 

1546 

382 

1503 

8 

234 

1780 

305 

1808 

7 

119 

1899 

229 

2037 

6 

1020 

2919 

194 

2231 

5 

860 

3779 

99 

2330 

4 

2650 

6429 

3650 

5980 

3 

1 385 

7814 

1900 

7880 

2 

740 

8554 

1020 

8900 

20 


"  ,av4V  f  W 
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Die  lateral  deflections  resulting  fiom  the  working 
sties*  design  forces  were  also  multiplied  by  the  (actor 
I  2>  to  approximate  the  lateral  detleclions  at  yield 
These  lateral  deflections  are  also  tabulated  in  Table  4 
and  presented  as  Curve  A  in  figure  12 


where  / 


numerical  coeHicient  i  elated  to  the 
region's  seismicity 
occupancy  importance  coefficient 
numeiical  coeHicient  lot  site  -structure 
resonance 


Table  4 

1964  UBC  Equivalent  Yield  Stress  Story  Shears 
and  Lateral  Deflections 
(Metric  conversion  factors: 

I  kip  =  4.4  kN;  I  ft  =  0.3  ml 


N  S  lino,  turn  1-  \S  DirciUon 


Story 

Story 

Shear 

Deflection 

Shear 

Deflection 

Uu*l 

kip 

ft 

kip 

ft 

Root 

906 

o  ut  3 

878 

0.014 

10 

1493 

0  012 

1401 

0.014 

9 

193> 

0.012 

1879 

0.014 

8 

222! 

0.01 1 

2260 

0.013 

7 

2374 

0.010 

2546 

0.012 

6 

1644 

0  oo9 

2789 

0.01 1 

5 

4774 

0.008 

2912 

0.010 

4 

8036 

0.007 

7415 

0.009 

3 

0.005 

0.005 

9768 

9850 

■> 

11169’ 

0.002 

1 1  1  25 

0.002 

t 

0 

0 

1975  SEAOC  Provisions 

The  I *> 7 5  edition  of  the  Rtwmmemieii  lateral 
hon  e  Requirements  and  Commentary  is  substantively 
different  from  the  I9.S9  edition,  and  includes  the  fol¬ 
lowing  changes.1 " 

a.  The  base  sliear  formula  was  changed  to 

V  =  ZIKCSW  (|-q  4] 


|J  Reeommendctl  lateral  Force  Requirements  ami  Com 
mentary  i Structural  Engineer*  Association  of  California. 
I  **7  5  > 


b.  To  more  realistically  reflect  the  expected  dyna¬ 
mic  response  of  real  structures  in  the  areas  of  highest 
seismicity,  the  formula  for  determination  of  C  was 
changed  to 


c.  The  coefficient  S  was  added  to  the  base  sliear 
formula  to  provide  a  means  of  evaluating  site  resonance. 

d.  The  coeHicient  I  was  added  to  the  base  shear  for¬ 
mula.  This  established  a  higher  level  of  design  criteria 
for  an  essential  facility  (e  g.,  a  hospital!  than  for  a 
normal  facility.  The  coefficient  was  assigned  values  of 
1.5  and  1.0  for  essential  and  normal  facilities,  respec¬ 
tively,  however.  1  values  were  not  established  for  other 
classes  of  facilities. 

e.  The  coefficient  /  was  added  to  the  base  shear 
formula  to  permit  the  use  of  reduced  base  shear  values 
for  portions  of  California  and  elsewhere  which  are  not 
located  in  the  areas  of  highest  seismicity. 

I  The  distribution  of  the  lateral  forces  in  structures 
which  have  highly  irregular  shapes,  large  differences  in 
lateral  resistance  or  stiffness  between  adjacent  stories, 
or  other  unusual  features  must  be  determined  by  con¬ 
sidering  the  structure's  dynamic  characteristics. 

Hie  large  set  back  at  the  fourth-story  level  of  Let- 
terman  Hospital  creates  a  large  difference  in  the  lateral 
resistance  and  stiffness  between  the  third  and  fourth 
stories.  Therefore,  the  equivalent  lateral  load  method  is 
not  directly  applicable  and  the  distribution  of  the  lat¬ 
eral  forces  must  be  determined  by  considering  the 
dynamic  characteristics  of  the  structure.  To  approxi¬ 
mate  the  1975  SI  AOC  story  shears,  the  total  basis 
shears  were  computed  in  accordance  with  Eq  4  and 
distributed  to  the  individual  stories,  considering  the 
dynamic  characteristic  of  the  structure.  The  period  and 
mode  shape  for  the  fundamental  mode  of  vibration  in 
each  of  the  principal  directions  presented  in  Tables  I 
and  2,  respectively,  were  assumed  to  represent  the 
structure's  dynamic  characteristics.  The  base  shear  in 


n-s  direction 


LATERAL  DEFLECTION,  FT 


Figure  12.  Letterman 

each  of  i he  piincipal  directions  was  computed  in  ac¬ 
cordance  with  K|  4.  taking  /  1.0.  I  -  1.5,  S  =  1.5. 

k  I  55.  and  ('  0.0760  and  0  0706  lot  the  F-W 

and  VS  directions.  respectively  The  coefficient  S  is 
dependent  on  the  ratio  oi  the  building  period  to  the 
characteristic  site  period.  When  the  characteristic  site 
period  is  not  substantiated  by  proper  analysis,  as  in  the 
case  at  hand,  the  value  ol  S  shall  be  1 .5. 

The  resulting  base  shears  were  then  distributed  to 
the  individual  stories  in  proportion  to  the  mass  and  de¬ 
flection  at  each  level  to  obtain  the  lateral  force  of  each 
level.  Subsequently .  the  lateral  story  forces  were 
summed  to  obtain  the  story  shear  at  each  level.  The 
story  shears  obtained  by  this  approximate  method  of 
dynamic  analysis  must  be  multiplied  by  the  load  factor 
1.4  to  obtain  yield  stress  basis  design  story  shears. 
Fhese  yield  stress  basis  design  story  shears  are  tabu¬ 
lated  in  Table  5  and  presented  as  Curve  H  in  Figures  10 
and  I  I  lor  the  N-S  and  F-W  directions,  respectively. 
IVflections  for  the  ll>75  SF'AOC  approximate  method 
ot  dynamic  analy  sis  were  computed  using  the  equiva¬ 
lent  vield  stress  story  forces  and  the  dynamic  proper¬ 
ties  of  the  fundamental  mode  of  vibration  in  each  of 


E-w  direction 


LATERAL  DEFLECTION,  FT. 


cspital  lateral  deflections. 

the  principal  directions  of  the  hospital.  These  deflec¬ 
tions  are  also  tabulated  in  Table  5  and  presented  as 
Curve  II  in  Figure  12. 

1978  ATC-3  Provisions 

The  provisions  of  ATC-5-Ob.  Tentative  Provisions 
for  the  Development  of  Seismic  Regulations  for 
HuilJing.  embody  several  concepts  which  are  signifi¬ 
cant  departures  from  currently  used  seismic  design  pro¬ 
visions.20  These  concepts  include 

a.  The  incorporation  of  more  realistic  seismic 
ground  motion  intensities. 

b  Response  modification  coefficients  (reduction 
factors)  which  are  based  on  consideration  of  the  inher¬ 
ent  toughness,  the  amount  of  damping  which  occurs 
when  undergoing  inelastic  response,  and  the  observed 
past  performance  of  various  types  of  framing  systems. 


10 Tentative  Provisions  lor  the  Development  of  Seismie 
Regulations  lor  Buildings.  A IV -5 -0b  (Applied  Technology 
Council,  1 4781. 


Table  5 

1975  SfcAOC  Equivalent  Yield  Stress 
Stor>  Shear,  and  Lateral  Deflections 
(Metric  conversion  factors 


1  kip  = 

4  4  kN:  1  ft 

=  0.3  in) 

n  S  Ptfcctkm 

|  w  Piipclloq 

St..t> 

Story 

Shear 

Deflection 

Shear 

DeOeetH  in 

level 

k«P 

ft 

kip 

ft 

Rtmf 

6674 

0.574 

6  569 

il  628 

10 

1 1521 

0.505 

10988 

0.555 

9 

15661 

0.432 

14922 

0.471 

X 

1 9053 

0.354 

18126 

0.585 

0.270 

0.295 

21648 

20574 

6 

24072 

0  1% 

22626 

0.190 

5 

25665 

0.1  26 

24107 

0.154 

4 

28869 

0.064 

27695 

0.085 

3 

50154 

0.03  C 

29032 

0.037 

50587 

0.008 

29567 

0.012 

I 

0 

0 

c  Classification  ot  building  use-group  categories 
into  Seismic  Hazard  Exposure  Groups. 

d.  Seismic  performance  categories  for  buildings 
with  design  and  analysis  requirements  dependent  on 
the  seismicity  index  and  building  seismic  hazard  ex¬ 
posure  group. 

e.  Simplified  structural  response  coefficient  for¬ 
mulas  related  to  the  fundamental  period  of  the  seismic- 
resisting  system  of  the  building. 

f.  Material  design  and  analysis  based  on  stresses 
approaching  yield. 

The  1978  ATC-3  provisions  require  that  the  magni¬ 
tude  and  distribution  of  the  story  shears  for  Lettermar. 
Hospital  be  determined  by  the  modal  analysis  proce¬ 
dure  because  of  the  irregular  plan  and  vertical  config¬ 
uration  of  the  hospital.  Moreover,  the  provisions 
specify  that  the  lowest  three  modes  of  vibrations  in 


each  ol  the  two  mutually  perpendtculai  axes  be  con 
sideted  for  consistency,  the  penods  and  mode  shapes 
1 1 cun  fables  I  and  2  weie  adopted 

The  portion  of  the  base  shout  contributed  by  the 
m*h  mode.  Vm.  was  determined  in  accordance  with 
the  billowing  formula 


'  W, 


|lq<-l 


where  Csm  modal  seismic  design  coefficient  lor 
the  m,h  mode  determined  tn  accor¬ 
dance  with  the  following  formula; 
however,  the  value  of  Can  need  not 
exceed  2.5  Aa/|<  for  stiff  or  deep  soils, 
nor  2  0  Aa(,K  for  soft  soils 


im 


1.2AVS 

RTi,' 
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Wm  =  the  effective  modal  gravity  load  for 
the  m,h  mode  determined  in  accor¬ 
dance  with  the  following  formula: 


W 


m 


n 

1=1 


r.Mim 
1  =  1 
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Aa  =  seismic  coefficient  reprcsentme  the 

effective  peak  acceleration 

Av  =  seismic  coefficient  representing  the 

effective  peak  velocity-related  acceler¬ 
ation 

K  =  seismic  response  modification  coef¬ 

ficient 

S  =  seismic  coefficient  for  the  site's  soil 

profile  characteristics 

Tm  =  period  of  vibration  of  tn'1'  mode  of 
the  building 

0jm  =  displacement  amplitude  of  the  i,h  level 
of  the  building  when  vibrating  in  its 
mth  mode. 


Letterman  Hospital  was  designed  as  a  box  system, 
i.e..  a  structural  system  without  a  complete  vertical 
load-carrying  space  frame  where  the  required  lateral 
forces  are  resisted  by  shears  walls,  and  the  reinforced 
concrete  shear  walls  and  precast  concrete  exterior  wall 
panels  are  designed  to  resist  the  lateral  forces.  In  the 
1978  ATC-3  provisions,  slightly  different  terminology 
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is  used  to  describe  lire  various  structural  systems;  the 
structural  system  most  comparable  to  the  original 
design  would  appear  to  he  a  bearing  wall  system  with 
reinforced  concrete  shear  walls.  lire  seismic  response 
modification  coefficient.  K.  and  deflection  amplifi¬ 
cation  factor.  Cj  .  specified  for  this  particular  structural 
system  are  4  1/2  and  4,  respectively  (i.e.,  R  4  1/2  and 
(  .,  =  4)  Moreovei.  considering  the  location  of  Letter- 
man  Hospital.  A,,  Av  :  0.4.  and  since  the  soil  proper¬ 
ties  and  profile  are  not  known  in  detail  nor  does  the 
known  profile  fit  any  specified  types.  S  =  1.2. 


The  Maximum  Credible  earthquake  (MCI.)  repre¬ 
sents  the  maximum  level  of  horizontal  ground  accelera¬ 
tion  at  the  site  that  appears  capable  of  occurring  within 
the  presently  known  tectonic  framework.  No  consid¬ 
eration  is  given  to  the  probability  of  occurrence,  but 
rather  it  is  great  enough  to  be  of  concern. 

The  Maximum  Probable  earthquake  (MI’L)  repre¬ 
sents  the  maximum  level  of  hoii/.ontal  ground  acceler¬ 
ation  at  the  site  that  has  a  specified  probability  of 
being  exceeded  in  a  given  period  of  time. 


The  modal  force  at  each  level,  Txm,  was  determined 
in  accordance  with  the  formula: 

I'xm  “  ^  vxm  V„,  jl'.q  9) 

where 


__  wx0xm 

n 

-  W,< <t>;m 
i=l 


I i'q  ioi 


Realistically,  these  design  earthquakes  can  be  estab¬ 
lished  only  after  a  detailed  site-dependent  seismic  in¬ 
vestigation.  The  investigation  of  the  Letterman  Hospi¬ 
tal  site,  which  was  conducted  in  support  ol  the  AA 
analysis,  determined  that  the  MCL  and  MPh  were 
essentially  identical:  i.e.,  an  8.2  Richter  magnitude 
earthquake  on  the  San  Andreas  fault  near  the  Letter- 
man  Hospital  site  with  a  maximum  probable  earth¬ 
quake  acceleration  of  approximately  0.5  g.  However, 
to  provide  a  consistent  basis  for  comparing  the  story 
shears  and  lateral  deflections  obtained  with  the  TM 


Hie  modal  deflection.  6xm,  was  determined  in 
accordance  with  the  formula: 

\m  f  l I  q  1  I  | 

where 

f>rxm  -  JL_  I i-q  i-l 

4rr2  wx 

The  story  shears  and  lateral  deflection  at  each  level 
were  computed  for  each  mode,  and  the  modal  values 
combined  by  taking  the  square  root  of  the  sum  of  the 
squares  of  each  modal  value.  The  resulting  story  shears 
and  lateral  deflections  for  each  of  the  principal  direc¬ 
tions  are  tabulated  in  Table  6.  The  story  shears  are 
shown  as  Curve  B  in  figures  10  and  II,  respectively, 
while  the  lateral  deflections  are  shown  as  Curve  B  in 
figure  I  2. 

1978  TM  5-809-10  Appendix  Provisions 

The  provisions  of  the  proposed  1978  I'M  5-809-10 
Appendix  require  that  two  design  earthquakes  be  con¬ 
sidered.  the  Maximum  Credible  Harthquake  and  the 
Maximum  Probable  Earthquake.21 


21  “Seismic  Design  Guidelines  for  Critical  Buildings,"  Pro¬ 
posed  Appendix  to  TM  5-809-10  (CTRL.  September  1978; 
revised  March  1979). 


Table  6 

1978  ATC-3  Story  Shears  and  Lateral  Deflections 
(Metric  conversion  factors: 


1  kip 

=  4.4  kN;  1  ft 

=  0.3  in) 

N-S  Direction 

E-W  Direction 

Story 

Story 

Shear 

Deflection 

Shear 

Deflection 

Level 

kip 

ft 

kip 

ft 

Roof 

1648 

0.419 

1591 

0.471 

to 

2614 

0.368 

2536 

0.412 

9 

3251 

0.314 

3173 

0.350 

8 

3682 

0.258 

361 1 

0.285 

7 

4021 

0.199 

3940 

0.221 

6 

4456 

0.147 

4298 

0.152 

5 

4894 

0.099 

4724 

0.1 15 

4 

7001 

0.057 

6932 

0.080 

3 

8500 

0.03 1 

8330 

0.040 

2 

8879 

0.009 

8753 

0.014 

o 


i 
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5  809-10  Appendix  provisions  with  t he  stoiv  shears 
and  lateral  deflections  obtained  with  the  Alt'  .*  pro 
visions  (acceleration  level  04  (i)  and  the  AA  and 
O  KI  dynamic  analyses  (acceleration  level  -  0  5  y: ). 
the  analyses  with  the  1978  I'M  5  804. |0  Appendix  pto 
visions  were  performed  lot  each  of  these  acceleration 
levels  I  ot  consistency,  the  periods  and  mode  shapes 
shown  in  fables  I  and  7  were  used.  Moreover,  the  soil 
ptoftle  coefficient.  S.  and  the  response  modification 
factor,  K.  wete  equal  to  I .7  and  1 .5.  respectively 

Hie  modal  participation  factoi  lot  each  mode  was 
computed  trout  the  lotmula 


7  w  0 
— .  o  tin 


The  modal  storv  latetal  forces.  I  at  level  x  lot 
the  nt,h  mode  wete  deteimmed  limit  the  fotmula 


t  I 
N 

1  w,0,J„, 


where  l’m  modal  participafion  factor  for  the  ttt,h 
mode 

w(  weight  at  ot  assigned  It'  level  i 
01,,,  amplitude  of  the  ttt,h  mode  at  level  i 
N  number  ol  stories 

llte  seismic  coefficient  Cot  the  MtT  and  MI’I-  were 
determined  front  the  following  formulas,  respectively 


MCI  .  C. 


MI’I  C 


i  2Ami„s 


’  A  S 

-  '  in  pi'¬ 


ll  q  14  | 


wltete  C, 


seismic  design  coefficient  lot  the  ttt,h 
mode,  the  value  of  which  need  not 
exceed  7  5  A/K  lot  still  ot  deep  soils 
not  2.0  A/K  for  soft  soils 
Anwe  °r  A respectively . 
peak  horizontal  ground  acceleration 
associated  with  the  MCI 
peak  horizontal  ground  acceleration 
with  the  MIT 

coefficient  lot  soil  profile  character 
istics  at  the  site 

response  modification  factor,  equal 
to  1.5  tot  the  MIT 

period  of  vibration  ol  the  building  in 
the  nt,h  mode  in  the  direction  under 
consideration 


1  on  f  sin  I  m"  v^stn 


|lq  ld| 


and  the  elastic  modal  stoiv  displacements  at  each  level. 
(\m-  wete  deteimiiied  liom  the  formula 

,s  8®  in  I  \  rn 

'\n.  (I'M  l7l 


llte  modal  stoiv  latetal  lotces  were  summed  to  ob 
lam  the  stoiv  slteats  lot  each  mode  Subsequent Iv  .  the 
stoiv  sfteais  and  deflections  in  the  hospital  were  ob 
tamed  bv  taking  the  sqttaie  mol  ot  the  sum  ot  the 
squates  ol  the  modal  values  and  mull tplv tug  the  com 
puled  total  displacements  bv  the  allowable  dm  lilttv 
factoi.  (\|.  which  equals  I  X  lot  the  MI’I 

In  the  case  of  lelterman  Hospital,  the  MI’I  got 
ertted  the  analysis  llte  icsultiiig  st »>r x  shears  and  latetal 
deflections  for  each  ot  the  principal  directions  associ 
ated  with  the  acceletalion  levels  of  0  4  g  and  0.5  g  ate 
tabulated  in  Tables  7  and  8.  respectively  Curves  I)  and 
T  in  figures  111.  II.  and  17  represent  the  respective 
story  slteats  and  latetal  deflections 

AA  Time  History  Analy  sis 

To  compute  the  two-dimensional  tesponsc  id  I  et 
teruian  Hospital.  AA  used  the  itnte  lustoiv  modal 
analysts  method  in  each  ol  the  principal  diiections 
The  multi  degtee-ot  Iteedont  system  was  sepaiated 
into  an  attav  ol  single  degree  ol  Iteedont  sv  stems,  each 
having  a  unique  natural  Iteqttencv .  mode  shape,  and 
modal  participation  factoi  l  aclt  single  degtee  ot 
freedom  system  was  subiected  to  the  Ivpe  A  I  aiti 
ficial  caithquakc  record,  and  the  tesponsc  time  history 
of  each  mode  was  computed  llte  responses  ol  each 
mode  at  disctele  time  intervals  wete  summed,  with 
propet  attention  to  mathematical  signs  to  obtain  a 
time  history  of  the  structure's  response  llte  maxi 
mum  stoty  shears  and  latetal  deflections  obtained 
front  the  AA  analysis  are  tabulated  in  Table  4  and 
shown  as  Cttive  C  in  figures  10.  II.  and  17  lot  the 
N  S  and  I  W  directions,  tespeclively 

CEHL  Response  Spectrum  Analysis 

To  compute  the  three  dimensional  response  of 
I  etterman  Hospital,  Cf'KI  used  the  dynamic  model 
assembled  In  the  TARS  computet  ptogtam  and  the 
smoothed  tesponse  sped  Mint  lot  the  Type  A  I  and  A  7 
artificial  eatlhqiiake  tecotds  scaled  to  0  5  g  peak  lion 
zontal  gtottnd  acceleration  llte  dvttamic  response  ol 


Table  7 


Table  8 


I'M  5  800  10  Ap|>cndi\  Story  Shears  ami 
Lateral  Deflections,  Am(K.  0.4  g 
(Metrie  conversion  faeturs 


1  kip 

4.4  kN.  1 

n  =  03  mi 

N  S  Direction 

E-W 
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Shear 
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Shear 
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Level 
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ft 
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5 
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1 4h  84 

14172 

4 
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2100  l 

20705 

3 

0.035 

0.045 

25501 

24080 

T 

0.010 

(1.016 

26637 

2t>258 

1 

0 

0 

Letterman 

Hospital 

was  obtained  by  taking  the  square 

root  of  the  sum  of  the  squares 

of  the  maximum  respon- 

ses  ot  the 

structures’  first  12 

vibration  modes.  These 

1  2  modes 

included 

the  first  four  modes  in 

each  of  the 

two  principal  directions  and  the  four  torsional  modes. 
The  siory  shears  and  lateral  deflections  in  the  N-S  and 
I  W  directions  are  presented  in  Table  10  and  plotted 
as  Curve  I  in  Figures  10.  II.  and  I  2.  respectively. 

PMB  Response  Spectrum  Analysis 

To  compute  the  three-dimensional  response  of 
Letterman  Hospital.  PMB  used  a  computer  model 
that  incorporated  a  “dummy  story"  to  approximate 
the  behavior  of  the  caisson  foundation  system  and  a 
"dummy  story"  to  approximate  the  behavior  of  the 
flexible  fourth  Hoot  diaphragm.  The  design  earthquake 
response  spectrum  was  developed  by  Dames  and  Moore 
on  the  basis  of  a  peak  acceleration  of  0.35  g.  The 
dynamic  response  of  Letterman  Hospital  was  obtained 
by  taking  the  square  root  of  the  sum  of  the  squares  of 
the  maximum  response  of  the  structure's  first  eight 
vibration  modes.  The  resulting  story  shears  and  lateral 
deflections  are  tabulated  in  Table  1 1  and  presented  as 


I'M  5-800  10  Appendix  Story  Shears  and 
Lateral  Deflections.  An,|H,  =  0.5  g 
(Metric  conversion  factors: 

I  kip  =  4.4  kN;  I  ft  =  0.3  ml 
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Curve  C  in  Figures  10.  II.  and  1 2.  respectively. 

Story  Shear  and  Lateral  Deflection  Comparisons 

To  provide  a  more  consistent  comparison  of  the 
1078  ATC-3.  TM  5-800-10  Appendix,  and  PMB  story 
shears  and  lateral  deflections,  the  story  shears  and 
lateral  deflections  for  the  1078  ATC-3  and  TM  5-800- 
10  Appendix  design  provisions  were  recomputed  using 
0.35  g  as  the  design  acceleration  level.  The  resulting 
story  shears  and  lateral  deflections  are  tabulated  in 
Tables  12  and  13  and  presented  in  Figures  13.  14.  and 
I  5  for  each  ol  the  principal  directions. 

Generally,  the  I'M  5-800-10  Appendix  story  shears 
and  the  PMB  story  shears  are  in  excellent  agreement, 
while  the  1078  ATC-3  story  shears  are  substantially 
smaller.  With  regard  to  lateral  deflections,  the  1078 
ATC-3  and  TM  5-80O-10  Appendix  provisions  produce 
comparable  results  in  the  N-S  direction;  however,  the 
PMB  lateral  deflections  differ  by  a  factor  of  nearly 
three  at  the  fourth-floor  level.  This  discrepancy  can  be 
explained  in  part  by  the  modeling  assumptions  used  in 
the  PMB  analysis.  Both  the  first  and  fourth  floor  were 
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A  A  Time  History  Story  Shears  and 
Lateral  Deflections 
(Metric  conversion  factors: 

I  kip  =  4.4  kN;  1  ft  =*  0.3  in) 
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modeled  using  “dummy  stones"  to  more  realistically 
model  lire  structures;  thus,  the  larger  deflections  are  to 
he  expected.  However,  it  also  appears  that  the  I’MB 
model  of  the  tower  section  is  somewhat  stiffer  because 
the  tower  deflections  are  approximately  two-thirds  of 
those  from  the  other  analyses,  lit  the  T'-W  direction, 
there  are  two  instances  of  disparity.  Below  the  third- 
floor  level,  the  lateral  deflections  computed  with  the 
1978  ATC-3  provisions  are  small,  yet  significantly 
different  from  the  other  two  analyses.  In  the  upper- 
story  levels  of  the  tower,  the  I’MB  model  also  appears 
to  he  stiffer  because  the  deflections  are  less. 

Some  general  conclusions  are  apparent  from  the 
story  shear  plots  shown  in  Figures  10  and  1 1 .  The 
l*J()4  UBC  provisions  produce  equivalent  yield  stress 
basis  story  shears  which  are  approximately  10  to  35 
percent  of  the  story  sircars  obtained  in  AA's  time  his¬ 
tory  modal  analysis. 

When  the  dynamic  characteristics  of  the  structure 
arc  considered  m  determining  the  total  lateral  forces 
and  their  distributions,  the  1975  SFAOC  provisions 
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produce  equivalent  yield  stress  basis  story  shears  which 

are  in  reasonable 

agreement  with  the  story 

shears  oh 

tained  in  AA’s  time  history  modal  analysis  except  in  the 

base  structure  and  (he  intermediate 

stories  m 

the  towel 

in  the  F-W  direction.  The  1978  ATC-3  modal  analysts 
procedure  produces  story  shears  which  are  genet  alls' 
approximately  100  percent  greater  than  the  ll>o4  UBC 
equivalent  yield  stiess  basis  story  shears  in  the  towet 
and  approximately  10  percent  less  than  the  19<i4  UBC 
equivalent  yield  stress  basis  story  shears  itr  the  base 
structure.  When  compatible  acceleration  levels  are  spe¬ 
cified,  the  TM  5-809-10  Appendix  provisions  produce 
story  shears  which  are  in  reasonable  agreement  with 
the  story  shears  from  AA’s  time  history  analysis  except 
for  the  lower  stories  in  the  N-S  direction  where  they 
differ  by  approximately  20  percent  Furthermore,  the 
comparison  of  the  1978  ATC-3  and  TM  5-809-10  Ap¬ 
pendix  provisions  and  the  I’MB  analysis  reveals  that 
when  comparable  acceleration  levels  are  specified  the 
story  shears  for  the  1978  ATC-3  provisions  are  approx 
imately  30  percent  of  the  story  shears  obtained  in  the 
I'M  5-809-10  Appendix  provisions  and  the  I’MB  analy¬ 
sis.  Considering  the  complexity  of  the  structure  and 
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1978  ATC-3,  TM  5 -80V- 10  Appendix  and  PMB  Story  Shears 
(Metric  conversion  factor:  1  kip  =  4.4  kN) 
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Figure  13.  Letterman  Hospital  upgrade  story  shears  (yield  stress  basis).  N-S  direction. 


the  numerous  and  different  assumptions  that  were  em¬ 
ployed,  the  agreement  between  the  story  shears  for  the 
I'M  5-809-10  Appendix  provisions  and  the  PMB  analy¬ 
sis  is  excellent. 

Generally .  the  lateral  deflections  in  the  N-S  direc¬ 
tion  are  in  better  agreement  than  the  lateral  deflections 
m  the  I  W  direction,  with  the  exception  that  in  both 
directions,  the  lateral  deflections  from  the  original 
design  are  quite  small  and  bear  little  resemblance  to  the 
lateral  deflections  obtained  by  the  other  analyses. 
Some  of  the  discrepancy  among  the  curves  is  due 
directly  to  the  different  force  levels  that  were  applied 
to  the  structure.  For  example.  Curves  l>  and  F  provide 
an  indication  of  the  effect  that  a  25  percent  increase  in 
the  lateral  forces  has  on  the  lateral  deflection  of  the 
structure.  However,  some  of  the  discrepancy  among 
the  curves  is  also  due  to  the  coefficient.  (\t.  For  exam¬ 
ple.  the  1978  AI'C-3  provisions  yield  story  shears  that 


are  significantly  less  than  the  other  provisions,  yet  the 
ATC-3  lateral  deflections  are  in  good  agreement  with 
many  of  the  curves  from  the  other  analyses. 

In  the  N-S  direction,  the  lateral  deflections  from  the 
PMB  analysis  clearly  reflect  the  effect  of  modeling  the 
foundation  system  and  the  fourth  floor  diaphragm 
using  "dummy  stories";  however,  it  is  also  apparent 
that  the  PMB  model  is  somewhat  stiffen  in  the  tower 
sections  than  in  the  other  models.  These  effects  are 
more  clearly  illustrated  in  Figure  15.  where  comparable 
acceleration  levels  were  used  among  the  1 978  ATC-3 
and  TM  5-809-1 0  Appendix  provisions  and  the  PMB 
analysis.  Likewise,  in  the  F-W  directions,  when  com¬ 
parable  acceleration  levels  are  used  among  the  1978 
ATC-3  and  TM  5-809-10  Appendix  provisions  and  the 
PMB  analysis,  the  lateral  deflections  are  in  quite  good 
agreement,  except  in  the  upper  stories  of  the  tower 
section. 
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figure  14.  I  etterman  Hospital  upgrade  story  shears  (yield  stress  basis).  I-VV  direction 


Figure  IS.  Letterman 


3  THREE-STORY,  MOMENT  RESISTANT 
STEEL  FRAME  BUILDING  DESIGNS 


Introduction 

Since  a  major  portion  of  the  military's  investment  in 
building  construction  is  associated  with  low-rise  build¬ 
ings  (less  than  six  stories),  it  was  deemed  appropriate 
to  compare  the  magnitude  and  distribution  of  the  story 
shears  provided  by  current  and  tentative  design  pro¬ 
visions  for  this  class  of  construction.  In  the  past,  many 
of  the  techniques  for  seismic  design  and  analysis  have 
not  been  applied  to  this  class  of  structures  because  the 
consequences  of  failure  have  been  considered  small  and 
the  additional  design  costs  have  been  thought  to  be 
large  relative  to  the  building's  value.  However,  nearly 
all  essential  military  facilities  are  housed  in  low-rise 
buildings;  therefore,  some  consideration  must  be  de¬ 
voted  to  the  behavior  of  low-rise  buildings  subjected  to 
earthquake  motions,  and  to  the  application  of  simpli¬ 
fied  analytical  procedures  to  the  design  of  low-rise 
structures  to  insure  that  they  remain  functional  fol¬ 
lowing  a  major  earthquake. 


upgrade  lateral  deflections. 


This  section  discusses  the  design  of  a  three-story, 
moment  resistant  steel  frame  building  which  houses  an 
emergency  operation  center  vital  to  the  installation's 
post -earthquake  operation;  the  designs  (in  the  trans¬ 
verse  direction)  are  in  accordance  with  the  provisions 
of  the  Id75  SEAOC.  the  1978  ATC-3  Equivalent 
Lateral  Force  Procedure,  the  1978  ATC-3  Modal 
Analysis  Procedure,  and  the  TM  5-809-10  Appendix. 
For  this  comparison,  the  building  is  assumed  to  be  on 
an  installation  located  in  a  region  of  sufficiently  high 
seismicity  to  require  that  Z=  1.0  for  the  1975  SEAOC 
provisions,  and  A„  =  Av  =  0.4  for  the  1978  ATC-3  and 
Ampe  =  0.4  for  the  TM  5-809-10  Appendix  provisions. 
Moreover,  the  soil  characteristics  at  the  installation  are 
such  that  S  =  1.5  for  the  1975  SEAOC  provisions  and 
S  =  1.2  for  the  1978  ATC-3  and  TM  5-809-10  Appen¬ 
dix  provisions.  The  designs  are  then  compared  in  terms 
of  magnitude  and  distribution  of  the  resulting  story 
shears,  lateral  deflections,  member  sizes,  and  typical 
frame  weights. 

Building  Description 

The  three-story  building  has  the  structural  config¬ 
uration.  dimensions,  and  weights  shown  in  Figure  16. 
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Hu  milling's  lateral  force  resisting  system  consists  of 
steel  ductile  moment  resisting  space  fumes  on  column 
lines  I,  4.  and  7  in  the  transverse  direction  and  steel- 
braced  frames  on  column  lines  A  and  ('  in  the  longi¬ 
tudinal  diicctioit.  All  other  frames  are  vertical,  load- 
carrying  frames  which  do  not  contribute  to  the  build¬ 
ing's  total  latetal  resistance  In  addition,  the  following 
assumptions  were  made 

I  All  columns  are  fixed  at  the  foundation. 

2.  I  xtertor  walls  are  nonbearing,  nonshear,  flexible, 
insulated  metal  panels  which  do  not  contribute  to  the 
structural  system's  lateral  resistance. 

.1.  Interior  walls  arc  nonbearing,  nonshear,  remov¬ 
able.  drywall  construction  and  are  isolated  from  the 
structure. 

4  Stairways  are  isolated  from  the  structure  and  do 
not  transfer  shear  forces. 

5.  The  metal  deck  roof  system  forms  a  flexible 
diaphragm,  therefore,  the  seismic  load  is  distributed 
to  the  lateral  force  resisting  frames  in  proportion  to 
tributary  area  rather  than  stiffness. 

t>.  The  metal  deck  with  concrete  fill  floor  system 
foims  a  rigid  diaphragm;  therefore,  the  seismic  loads 
are  distributed  to  the  lateral  force  resisting  frames  in 
proportion  to  the  frame  stiffness. 

7.  The  flexural  rigidities  of  the  diaphragms  arc  not 
great  enough  to  contribute  significantly  to  the  flexural 
rigidity  of  the  girders. 

1975  SEAOC  Provisions 

A  base  shear  of  215.7  kip  was  used  to  calculate  the 
design  forces  for  the  transverse  direction  of  the  three* 
stoic,  moment  resistant  steel  frame  building.  The  base 
shear  was  computed  from  Hq  4.  taking  Z  =  1 .0. 1  =  1 .5, 
k  =  0.67.  (’  »  0.080.  S  =  1 .5,  and  W  =  1788.5  kip  (7.9 
MN)  In  computing  the  coefficient  C.  the  building's 
period  in  the  transverse  direction  was  estimated  from 
the  formula 

(  H  \  2/3 

T-0.II5  I  [Eq  1 8 1 

Taking  Z  =  1.0.  I  =  1.5.  S  =  1 .5.  H  =  34  ft  (10.4  m). 
yields  T  =  0.70  sec.  The  basis  for  using  this  formula 
rather  than  the  conventional  formula 

T  =  0.1  N  (F.q  I9| 


lies  m  the  tact  that  lot  very  flexible  buildings,  such  as 
moment  resistant  I) antes,  the  maximum  drill  limita¬ 
tions  may  govern  the  seismic  design  rather  than  the 
minimum  force  requirements. 

The  base  shear  was  distributed  over  the  building 
height  in  accordance  with  liq  3.  and  the  resulting  sloty 
shears  were  computed  following  standard  procedures. 
Table  14  summari/.cs  these  ulculalious. 

The  story  shears  computed  in  Table  14  wete  distri- 
Inited  to  the  vertical  elements  of  the  moment  frames 
on  column  lines  1 .  4,  and  7  in  proportion  to  their 
contribution  to  the  story's  lateral  stiffness  and  con¬ 
sidering  the  stiffness  of  the  diaphragm.  Since  the  roof 
diaphragm  is  very  flexible  in  its  own  plane  relative  to 
the  vertical  components,  the  story  shears  were  dis¬ 
tributed  to  the  vertical  elements  in  proportion  to 
their  tributary  area.  Consequently,  the  shears  distri¬ 
buted  to  the  vertical  elements  of  the  frames  on  column 
lines  I.  4,  and  7  at  the  roof  level  were  19.0,  38.1 . and 
19.0  kip  (84.5,  169.5,  and  84,5  kN).  respectively.  The 
floor  diaphragms  were  assumed  to  be  infinitely  rigid; 
thus,  the  story  shears  are  distributed  among  the 
moment  frames  in  proportion  to  their  contribution 
to  the  story's  lateral  stiffness.  Since  the  frames  are 
identical  in  stiffness,  the  shear  transferred  to  each 
frame  is  identical  and  eqvtal  to  one-third  of  the  story 
shear.  Therefore,  the  lateral  shear  forces  distributed 
to  the  vertical  elements  of  the  frames  at  the  third- 
floor  and  second-floor  levels  are  56.4  and  71.9  kip 
(250.9  and  319.8  kN).  respectively. 

Since  the  building  is  symmetrical,  the  centers  of 
mass  and  resistance  coincide  and  the  torsional  moment 
to  be  considered  in  the  design  of  the  elements  is  caused 
by  accidental  torsion,  i.e..  the  story  shear  times  5 
percent  of  the  dimension  of  the  building  in  the  story 
under  consideration  perpendicular  to  the  direction  of 
the  applied  earthquake  force.  Using  the  story  shears 
computed  in  Table  14  and  5  percent  of  the  length  of 
the  building,  the  accidental  torsional  moments  at  each 
level  of  the  building  were: 

Roof:  Mu  =  (76.1)  (0.05)  (192)  =  730.6  ft-kip 
(990.5  km-N) 


Third  Floor:  MUl  =  (169.1)(0.05)(192)  =  1{>23.4 
ft-kip  (2201.0  km-N) 


Second  Floor.  Mt<1  =  (215.7)(0.05)(|92)  =  2070.7 
ft-kip  (2807  .5  km-N) 


\ 

\ 


34 


/ 


Table  14 


Vertical  Distribution  of  Literal  Forces  and  Story  Shears  for  If 7 5  SfcAOC'  Provisions 
(Metric  conversion  factors:  1  ft  =  0.3  m  and  I  kip  =  4.4  kN) 
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The  accidental  torsional  moments  produce  addi¬ 
tional  shears  in  the  vertical  elements  of  the  frames  on 
column  lines  I.  4.  7,  A.  and  C.  The  effects  of  the 
accidental  torsional  moments  are  distributed  to  the 
vertical  elements  in  proportion  to  their  contribution 
to  the  store's  toisional  stiffness  and  considering  the 
diapliiagm's  stiffness.  Since  the  roof  diaphragm  is  very 
flexible,  each  frame  acts  almost  independently  and  the 
effects  i>f  accidental  torsion  can  be  ignored.  At  the 
third-floor  level,  the  additional  slieat  in  the  vertical 
elements  of  the  frames  on  column  lines  I  and  7  was 
computed  to  be  *5.3  kip  (23.b  kN).  Likewise,  at  the 
second-floor  level,  the  additional  shear  produced  in 
these  frames  was  17.0  kip  (33.8  kN).  The  additional 
shear  force  due  to  torsion  must  be  added  to  the  pre¬ 
viously  computed  lateral  shear  forces  for  the  vertical 
elements  on  column  lines  I  and  7  to  obtain  the  total 
shear  forces  foi  design.  These  total  shear  forces  for  the 
vertical  elements  on  column  lines  1, 4.  and  7  are  sum¬ 
marised  in  Figure  17. 

file  lateral  forces  applied  to  each  frame  were  deter¬ 
mined  from  the  total  shear  forces.  Figure  18  shows 
these  lateral  forces,  together  with  the  dead  and  reduced 
live  loads.  Each  frame  was  analyzed  for  the  loading 
condition: 


U=  I.0D+  I.0L+  1.0E  (Fq  20| 

These  analyses  were  performed  using  the  TADS  77 
computer  program. ::  Figure  Id  summarizes  the 


results.  Moments,  axial  forces,  and  shears  are  tabulated 
for  each  column,  while  only  the  moments  are  tabulated 
for  the  girders. 
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Figure  17.  Shear  forces  distributed  to  the  vertical 
elements  of  frames.  (Metric  conversion 
factor:  I  kip  =  4.4  kN.) 
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Figure  18.  Frame  loadings  for  1975  SFAOC  provisions. 

(Metric  conversion  factors:  1  ft  =  0.3  m  and  I  kip  =  4.4  kN.i 
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Member  sizes  were  proportioned  according  to  A1SC 
specifications.  using  type  A46  steel  with  a  working 
stress  of  24  ksi  ( 165.5  MPa)  and  a  modulus  of  elasticity 
ol  24,000  ksi  (inoo  ciPa).  Pilot  to  proportioning 
the  niembets,  the  moments  and  forces  weie  divided  by 
the  lactor  1.44  to  account  loi  the  allowable  one  llmd 
increase  in  working  stresses  loi  eaillupiake  loads.  Hie 
moments,  axial  forces,  and  shears  induced  in  the  frame 
on  column  line  4  governed  the  design.  Figure  20 
summarizes  the  final  member  st/es.  In  addition,  the 
story  drills  lor  the  building  were  computed  and  found 
to  comply  with  the  allowable  drift  criterion  of  0.005 
of  the  story  height. 

Since  story  shears  are  a  fundamental  measure  of  a 
structure's  lateral  resistance,  the  story  shears  computed 
in  Table  14  are  plotted  as  Curve  A  in  Figure  21.  How¬ 
ever,  the  story  shears  in  Table  14  were  multiplied  by 
the  factor  1.7/1.44  =  1.28  to  transfer  them  to  a  yield 
stress  basis  that  would  provide  a  consistent  basis  for 
comparison  with  the  ATC-4  provisions.  In  addition, 
the  lateral  deflections  for  the  building  are  plotted  as 
Curve  A  in  Figure  22.  These  lateral  deflections  repre¬ 
sent  the  displacement  calculated  from  the  application 
of  the  required  lateral  forces  multiplied  by  the  factor 
1/K  =  1/0.67=  1.44. 

1978  ATC-3  Provisions: 

Equivalent  Lateral  Force  Procedure 

Since  the  building  being  designed  is  located  in  a 
Seismic  Index  4  region  (Aa  =AV=  0.4)  and  is  considered 
to  be  an  essential  facility,  the  1978  ATC-4  provisions 
specify  that  the  lateral-force-resisting  frames  on 
column  lines  I,  4.  and  7  must  be  designed  as  special 
moment  frames  using  R  =  8  and  C  =  5.5.  A  base  shear 
of  164  6  kip  (742.2  kN)  was  used  to  calculate  the 
design  forces  for  the  frame  in  the  transverse  direction. 
The  magnitude  of  the  base  shear  was  computed  from 
the  formula 

V  =  CW  [  Eq  2 1 1 

taking  C  =  0.092  and  W  =  1788.6  kip  (7.9  MN).  The 
period  of  the  structure  was  assumed  to  be  0.70  sec. 
the  same  as  for  the  1975  SEAOC  provisions. 

The  base  shear  was  distributed  over  the  height  of 
the  building  according  to  the  formula 

Fx=CvxV  |Eq  22) 


In  the  above  expiession.  k  is  an  exponent  iclalcd  lo  the 
period  of  the  building  and  was  taken  to  be  1 .10  16 1  the 
building  under  consideration.  Table  15  summarizes 
the  computations  of  the  lateral  shear  force.  Fx.  applied 
at  each  level  and  the  resulting  story  shears.  Since  the 
results  of  the  previous  SEAOC  design  indicated  that 
the  member  moments  and  forces  for  the  frame  on 
column  line  4  governed  the  design,  only  the  loadings 
imposed  on  this  frame  were  determined.  The  story 
shears  in  Table  15  were  distributed  to  the  vertical 
elements  of  the  moment  frame  on  column  line  4. 
in  accordance  with  the  procedure  previously  discussed 
(p  44).  Subsequently,  the  lateral  forces  applied  to  the 
frame  on  column  line  4  were  determined  from  the 
total  shear  forces.  These  lateral  forces,  together  with 
the  dead  and  reduced  live  loads,  are  shown  in  Figure 
24.  The  ATC-4  provisions  require  that  the  fra  .  be 
analyzed  for  two  loading  conditions. 


U  =  1 .2D  +  1 ,0L  +  1  .OF 
U  =  0.8D+  1.0E 


l*q  24) 


WI4x  34 


Figure  20.  Frame  member  sizes  for  1975  SEAOC 
provisions. 
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Figure  21.  Story  shears  for  ductile  steel  frame  building,  transverse  direction. 
(Metric  conversion  factor:  1  kip  =  4.4kN.) 


LATERAL  DEFLECTION,  FT. 


Figure  22.  Lateral  deflections  of  ductile  steel  frame  building,  transverse  direction. 
(Metric  conversion  factor:  I  kip  =  4.4  kN.) 


I  able  I  S 

Vertical  Distribution  ol  Intersil  Forces  soul  Slots  Shears  lot 
I'J'S  Alt'  'I  t|iiivnlciil  lateral  borer'  IVor'etlure 


(Metric  cousersion  factors 

1  kip  4  4  kN  and  1  ll 

0  t  m) 

•'v 

.  Is 

"s"s 

•s 

's 

level 

kip  tl 

ll 

kn< 

kip 

Kool 

» M  (i  M 

•IS  is 

1  S  1  4 1  N 

0  t(*N 

(>n  (i 

(111  (1 

Ihi.sl 

1  Iooi 

*o 7  n  \' 

.'*>  •>  1 

.'IIS?  1 

04M 

70  u 

1  M  S 

Soi'oiul 

1  loot 

70? 0  1  1 

1  1  **S 

'JNN-I  4 

0  .'01 

1 1  1 

l(i-l  (• 

1  list 

1  U>oi 

0 

0 

5  1 0 1  0  \  <, 

1  000 

1 M  (> 

1  igme  .'■!  piesenls  the 

i osiilt s  ol  ihe  anal\ non 

lot  iho 

modal  baso 

slieais  weie  used  lo  compute 

liame  on  column  line  -1 

loices  m  acconlance  with  1  qs  '> 

and  1 

piovides  ihe  modal  slots  loices 

and 

Memhei  si/es  weie 

piopomoookl  .Usoulmg 

O'  Iho 

modal  slots 

slieais 

1  he  design  slots  she: 

kit'  S  piovisions  and 

the  AISC  specifications,  using 

summaii/ed 

in  the 

last  column 

ol  Fa 

type  \  <(>  steel  w  till  a  s  leld  sliess  ol  >oksi(.'4S 

.'  MPa) 

obtained  bs 

taking 

the  squaie  loot 

Ol  III 

ami  .1  iihhIiiIiin  »»t  elasticity  ol  ''>.000  ksi  ( |00  0  tiPal 
1  o  enable  the  iluect  use  ol  the  existing  AISC  speeilica 
lions.  the  continuing  nionieiits  ami  loices  in  l-igtito  M 
vveie  rlivirlorl  h\  the  I'adot  (O'*)  (I  7)  I  s.t.  ie  .  the 
capacity  iciluction  factoi  times  the  I  7  allowable 
shess  un  lease  factoi.  prtoi  to  piopoi Honing  the  mem 
hei  I  igme  ,'s  siiiiiiu.il i/es  the  lin.il  incinhei  sizes  In 
.nUhtion.  the  lateial  ilellections  toi  the  building  weie 
checked  against  the  icqimcd  stoi\  rh ill  enteua  the 
slots  slieais  ami  lateial  ilellections  aie  also  piesenteil 
in  l  lgiiie  .'I  ami  lespeclivets  .  as  Cmve  It  lot  com 
panson  with  the  I s  SI  \1>C  piosistotts 

1978  ATC  3  Provision*: 

Moilal  Aniilysis  Procedurn 

Ihe  memhet  si/es  obtaincil  fiom  the  l»'s  SI  AtH' 
design  ol  the  I  inkling  weie  user!  as  the  stalling  point 
lot  the  l'*'N  Alt'  '  modal  analssis  piocedmes 
although  additional  iteialious  weie  nccess.us  lo 
aclnese  a  linal  design  bins  section,  howcvci,  sumniai 
i/es  onl\  Ihe  piopeities  ol  Ihe  linal  design 

Fable  l(>  siimmaii/es  the  peiiods  and  Ihe  mode 
shapes  loi  ihe  lowest  tluee  modes  ol  iihiatiou  in  Ihe 
liansveise  diieclton  loi  the  final  design  I  lie  modal 
base  slieais  weie  computed  using  I  i|s  (>,  ami  S 
lakmg  \,  \,  0  I.  S  I  ami  K  S  0.  and  using 
Ihe  peiiods  and  mode  shapes  in  I  able  Its.  the  modal 
base  slieais  weie  computed  to  be  I  ",  >>  s  )  |  ' 
kip  ts  o'*  I  1 1  ,  ami  l»  S  kNI.  icspcctisels  these 


squaiesol  ihe  modal  slots  slieais 

I  lie  modal  detlections  weie  computed  in  uccoid 
ance  with  I  .|  I  I  and  I.'  and  are  sumtnaii/ed  in  1  able 
IS  Ihe  modal  si  on  dulls,  which  weie  computed  as 
ihe  dilletence  between  the  delleelious  ai  the  top  and 
bottom  ol  the  slots.  aie  als»»  stimman/cd  in  I  able  IS 
I  lie  design  values  loi  deflection  and  slots  dull  weie 
deteintined  bs  combining  the  modal  values  In  taking 
Ihe  squat c  iooi  ol  the  sum  ol  the  squaics  loi  each 
modal  value  Ihe  design  slots  drifts  weie  compaied 
with  the  allowable  stois  diilts.  and  all  values  weie 
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Figure  24.  Frame  loadings  lor  1978  ATC-4  cquivalcnl  lateral  force  procedure. 
(Metric  conversion  factors:  I  II  =  0.4  nr  and  1  kip  =  4.4  kN.) 


4  m  accordance  with  the  procedures  previously 
discussed  (p  44)  Subsequently,  the  lateral  forces 
applied  to  Hie  fianie  on  column  line  4  were  determined 
from  the  total  shear  forces  These  lateral  forces, 
together  with  the  dead  and  reduced  live  loads,  are 
shown  m  Figure  2(v  The  liame  was  analyzed  for  two 
loading  conditions  as  shown  in  Fq  24  Figure  27 
siimman/cs  the  results  ol  these  analyses 

Membet  sizes  weie  proportioned  following  the  same 
procedmes  used  loi  the  ATC-4  equivalent  laleral  force 
ptocedure  l  iguie  28  suniman/es  the  final  member 
sizes. 

The  stoiv  slieais  and  lateral  deflections  arc  plotted 
as  Curve  C  in  Figmc  21  and  22.  respectively,  lot 
compaiison  with  the  values  front  the  SFAOC  and 
Alt'  4  equivalent  lateral  force  procedure 

TM  5-809  10  Appendix  Provisions 

The  member  sizes  obtained  from  the  I ‘4 7 5  SFAOC 
design  of  the  building  were  also  used  as  the  starting 
print  for  the  TM  5-809-I0  Appendix  design. 


Additional  iterations  were  necessary  to  achieve  a  final 
design  This  section  summarizes  only  the  properties  of 
the  final  design. 

Table  1 9  summarizes  the  periods  and  mode  shapes 
for  the  lowest  three  modes  of  vibration  in  the  tians 
votsc  direction.  Fq  14  was  used  to  compute  modal 
participation  factors  which  weie  determined  to  be 
0.411.  0.421.  and  0.2<*8,  respectively.  The  values  of 
the  seismic  design  coelTieienl  weie  deieimiued  from 
Fqs  14  and  15.  Taking  Am,H.  0.4  g.  S  1.2,  and  K 
15,  and  the  appropriate  modal  petiod.  the  seismic 
design  coefficients  were  computed  to  be  O.hOO.  0.o<*7, 
and  0.(>07.  The  latter  two  values  were  limited  hv  the 
requirement  that  the  seismic  design  coefficient  need 
not  exceed  2.5  A/K  -  0.w>7  for  the  case  at  hand 

The  modal  story  forces  associated  with  the  MPT 
were  determined  fiont  Fq  lb  and  are  suntniarized  in 
Table  20.  together  with  the  resulting  modal  stoiv 
shears  and  the  design  stoiv  shears  obtained  h\  taking 
the  square  root  of  the  sum  of  the  squates  of  the 
modal  values. 
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Figure  24.  Frame  4  member  moments  and  forces  for  l(>7K  ATC'-d  equivalent  lateral  force  procedure. 

Moments  are  in  ft-kips  and  forces  are  in  kips.  (Metric  conversion  factors:  I  kip  4.4  kN 


and  I  ft-kip  =  1 .4  km-N.) 
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Table  17 


Vertical  Distribution  of  Lateral  Forces  and  Story  Shears  for 
I  *>78  ATC-3  Modal  Analysis  Procedure 
(Metric  conversion  factor:  I  kip  =  4.4  kN.) 


Modal  Forces  and  Story  Shears  Design 

Mode  I  .  Mode  2  Mode  3  Story- 


Level 

*\m 

kip 

v 

w  Mil 
kip 

*'\m 

kip 

v 

Txm 

kip 

Pxm 

kip 

v 

Txm 

kip 

Shears 

kip 

Root* 

47.3 

47.3 

•24.6 

-24.6 

4.7 

4.7 

53.5 

1  hiril  1  loor 

57.2 

104.5 

2(i  0 

1.4 

1 8.3 

-1  3.(i 

105  4 

Sect  »ml  1  loor 

25.2 

1  29.7 

28.1 

29.5 

24. a 

1  1.2 
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first  floor 

Table  18 

Deflections  and  Story  Drifts  for  1978  ATC-3  Modal  Analysis  Procedure 
(Metric  conversion  factor:  I  ft  =  0.3  m) 


Deflections _ _ Story  Drift,  ft 


Level 

Mode  1 

Mode  2 

Mode  3 

Design 

Value 

Mode  1 

Mode  2 

Mode  3 

Design 

Value 

Roof 

0.3035 

-0.0243 

0.0013 

0.3044 

l  hmi  Moor 

0.1945 

0.0136 

-0.0027 

0.1 9J0 

0.1089 

-0.0379 

0.0040 

0.1154 

Second  Moor 

0.0856 

0.0147 

0.0037 

0.0869 

0.1089 

-  0.001 1 

-  0.0064 

0  1091 

f  irst  Moor 

0 

0 

0 

0 

0.0856 

0.0147 

0.00.77 

0.0869 

WI4|34 


Figure  25.  Frame  member  sizes  lor  1978  ATC-3 
equivalent  lateral  force  procedure. 


The  modal  displacements  were  computed  in  accor¬ 
dance  with  Fq  17  and  Table  21  summarizes  the  modal 
displacements  and  modal  story  drifts  which  wete 
obtained  by  computing  the  difference  between  the 
displacement  of  the  top  and  bottom  of  the  story. 
The  modal  displacements  and  modal  story  drifts  were 
combined  by  taking  the  square  root  of  the  sum  of  the 
squares  of  the  modal  values  to  obtain  the  total 
displacements  and  story  drifts.  The  maximum  lateral 
deflections  and  story  drifts  for  the  building  were 
obtained  by  multiplying  the  total  displacement  by  C(1 
=  1.5.  These  results  are  also  summarized  in  Table  21 
Subsequently,  the  computed  story  drifts  were  com¬ 
pared  with  the  allowable  story  drifts  and  found  to  be 
satisfactory. 

The  story  shears  and  the  additional  shears  resulting 
from  the  accidental  torsional  moment  were  distributed 
to  the  vertical  elements  of  the  moment  frames  on 
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Figure  26.  Frame  loadings  tor  1978  ATC-5  modal  analysis  procedure. 

(Metric  conversion  factors:  I  ft  =  0..!  m  and  I  kip  =  4.4  kN.) 


Table  19 

Periods  and  Mode  Shapes  for  1978  TM  5-809-10 
Appendix  Provisions 

_ _ Period  anti  Mode  Shape 


IzCVCl 

Mode  1 

T  =  0.5 1 2 

Mode  2 

T  =  0.194 

Mode  3 
T  =  0.106 

Roof 

0.2081 

0.1954 

0.0669 

Hurd  Moor 

0.1375 

-0.1032 

-0.1264 

Second  Moor 

0.0606 

-0.121 1 

0.1644 

column  lines  1.  4,  and  7  in  accordance  with  the  pro¬ 
cedures  previously  discussed  (p  54).  Figure  29  sum¬ 
marizes  the  resultant  frame  loadings.  Each  frame  was 
analyzed  for  the  two  loading  conditions  shown  in 
Eq  24.  Figures  50  and  51  present  the  results  of  these 
analyses. 

Member  sizes  were  proportioned  following  the  same 
procedures  used  for  the  1 978  ATf-5  provisions,  except 


that  (tie  moments  and  forces  were  divided  by  the 
factor  1.7  rather  than  1 .55.  because  the  TM  5-809-10 
Appendix  provisions  do  not  consider  capacity  reduc¬ 
tion  factors.  Figure  52  summarizes  the  final  member 
sizes. 

The  story  shears  and  lateral  deflections  are  plotted 
as  Curve  D  in  Figures  21  and  22.  respectively,  for 
purposes  of  comparison  with  the  value  from  the  other 
provisions. 

Design  Comparison 

The  plots  of  the  story  shears  presented  in  l-'iguie 
21  provide  a  good  graphical  comparison  of  the  results 
obtained  using  the  various  design  provisions.  The 
ATC-5  modal  analysis  procedure  yields  the  smallest 
design  story  shears  and  the  TM  5-809-10  Appendix 
provisions  yield  the  largest  design  story  shears.  When 
referenced  to  the  SFAOC  story  shears,  the  ATC-5 
modal  analysis  procedure  yields  story  shears  that  aie 
approximately  50  percent  of  the  SFAOC  stoiv  shcats. 
the  ATC-5  equivalent  lateral  force  procedure  yields 
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Figure  27.  Frame  4  member  moments  and  forces  for  1978  ATC-3  modal  analysis  procedure. 


Table  20 


Vertical  Distribution  of  lateral  Forces  ami  Sion1  Shears  for 
1978  TM  5  809-10  Appendix  Provisions 
(Metric  conversion  factor:  I  kip  =  4.4  kN) 

Modal  Slurs  I  atrial  Forvvs  and  Story  Shears,  kip  IX'sryn 
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Figure  28.  Frame  member  sizes  for  1978  ATC-5  modal 
analysis  procedure. 

story  shears  that  arc  approximately  b0  percent  of 
the  SFAOC  story  sltears.  and  the  TM  5-809-10 
Appendix  provisions  yield  story  shears  that  are 
approximately  525  percent  greater  than  the  SFAOC 
story  shears.  One  explanation  for  this  difference  is 
the  underlying  design  philosophy  associated  with  the 
various  seismic  design  provisions.  The  TM  5-809-10 
Appendix  provisions  are  intended  to  provide  reason¬ 
able  assurance  that  essential  facilities  will  remain  func¬ 
tional  following  an  earthquake,  while  the  other  pro¬ 
visions  are  intended  to  minimize  the  hazard  to  life. 
Fssential  facilities  should  experience  only  limited 
damage  so  that  critical  functions  can  he  maintained. 


i.e.,  they  cannot  undergo  huge  inelastic  deformations 
which  are  synonomous  with  large  response  modifica¬ 
tion  coefficients. 

The  comparison  of  the  lateral  deflections  in  Figure 
22  indicates  that  while  there  is  significant  difference 
between  the  ATC-3  and  TM  5-809-10  Appendix  story 
shears,  there  is  very  little  difference  in  their  lateral 
deflections.  The  SFAOC  lateral  deflections  are  not 
directly  comparable  to  the  ATC-3  and  TM  5-809-10 
Appendix  lateral  deflections  because  the  SFAOC 
deflections  correspond  to  yield  stress  in  the  members, 
while  the  other  deflections  incorporate  varying 
amounts  of  ductility. 

Perhaps  a  better  method  foi  comparing  the  various 
design  provisions  would  he  the  quantity  of  steel  re- 
quired  for  a  typical  lateral  force-resistant  frame  in  the 
transverse  direction.  The  various  weights  of  a  single 
typical  frame  are  summarized  in  Table  22.  In  addition, 
the  frame  weights  have  been  normalized  by  the  1975 
SFAOC  provisions'  frame  weight,  and  the  added  weight 
per  unit  floor  area  of  the  entire  building  has  been 
computed.  The  lateral  force-resistant  frames  designed 
in  accordance  with  the  ATC-3  modal  analysis  pio- 
cedure  and  the  SFAOC  provision  have  nearly  identical 
weights,  while  the  lateral  force-resistant  ft  antes 
designed  in  accordance  with  the  ATC-5  equivalent 
lateral  force  procedure  and  TM  5-809-10  Appendix 
provisions  require  about  one  and  one-half  to  two  times 
as  much  steel  as  the  SFAOC  design.  However,  this 
increased  quantity  of  steel  should  have  only  a  nominal 
(I  to  2  percent)  impact  on  the  building's  total  cost 
because: 
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Figure  29.  Frame  loadings  for  TM  5-809-10  appendix  provisions. 

(Metric  conversion  factor:  1  kip  =  4.4  kN  and  1  ft  =  0.3  tit) 
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FRAME  I  AND  7  ■  I.2D  f  I.OL  t  I.OE 


14?  5  161.2  132  0  167  7 


in  I  ml  o> 

K»l  <J>  I  U> 


FRAME  I  AND  7  >  0.8D  ♦  I.OE 


Figure  30.  Frame  I  aiul  7  member  moments  amt  forces  forTM  5-804-10  appendix  provisions. 
(Metric  conversion  factors:  I  kip  =  4.4  kN  and  I  ft  =  1 .4  km-N.) 
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Table  21 


Displacements  aiul  Story  Drifts  for  1978  TM  5-809-10  Appendix  Provisions 
(Metric  conversion  factor:  1  ft  =  0.5  in) 


Displacements,  ft 

Story  Drift,  ft 

l*vd 

Mode  1 

MoJe  2 

Mode  5 

SRSS 

Maximum 

Mode  1 

Mode  2 

Mode  3 

SRSS 

Maximum 

Roof 

0  ttitw 

-0.0106 

0.0007 

0.1812 

0.2718 

Ihml  1  loot 

0  1 1 95 

0.0056 

-0.0013 

0.1196 

0.1795 

0,0614 

-0.0162 

0.0020 

0.0635 

0.0953 

Second  1  loor 

0.0527 

0  0(  >66 

0.0016 

0.0531 

0.0797 

0.0668 

-0.0010 

0  0029 

0.0669 

0.1003 

1  list  1  loor 

0 

0 

0 

0 

0 

0.0527 

0.0066 

0.0016 

0.0531 

0.0797 

WifliSS 


Figure  52  Frame  member  sizes  for  TM  5-809-10 
appendix  provisions. 

I  fhe  building's  structural  system  consists  of  seven 
load-carrying  frames  in  the  transverse  direction,  sec¬ 
ondary  framing  systems,  and  floor  systems.  With  the 
exception  that  three  of  the  seven  frames  are  lateral 
force-resistant  frames,  the  remainder  of  the  structural 
system  is  not  affected. 

2.  For  this  type  of  building,  the  structural  system 
represents  15  to  20  percent  of  the  total  cost  of  the 
building.  Thus,  if  the  structural  system’s  cost  increased 
by  approximately  10  percent,  the  building's  total  cost 
would  increase  by  only  about  2  percent.  However, 
this  does  not  imply  that  the  disparity  between  the 
various  provisions  should  not  be  evaluated  in  greater 
detail  to  assure  the  validity  of  designing  with  the  larger 
story  shears. 


4  CONCLUSIONS 


Based  on  the  comparison  of  the  story  shears  and 
lateral  deflections  for  Letterman  Hospital  and  the  de¬ 
signs  of  a  three-story,  moment  resistant  steel  frame 
building  carried  out  in  accordance  with  various  design 
provisions,  several  conclusions  are  apparent. 

The  major  conclusions  with  respect  to  the  Lettei- 
man  Hospital  story  shears  and  lateral  deflections  are: 

I  The  1964  UBC  provisions  produce  equivalent 
yield  stress  basis  story  shears  which  arc  approximately 
10  to  55  percent  of  the  story  shears  obtained  from 
AA’s  time  history  modal  analysis. 

2.  When  the  dynamic  characteristics  of  the  struc¬ 
tures  are  considered  with  regard  to  determining  the 
total  lateral  forces  and  their  distributions,  the  1975 
SFAOC  provisions  produce  equivalent  yield  stress  basis 
story  shears  which  are  in  reasonable  agreement  with 
the  story  shears  obtained  from  AA’s  time  history 
modal  analysis  except  in  the  base  structure  and  the 
intermediate  stories  in  the  tower  in  the  E-W  direction. 

5.  The  1978  ATC-5  modal  analysis  procedure  yields 
story  shears  which  are  generally  approximately  100 
percent  greater  than  the  |9(i4  UBC  equivalent  yield 
stress  basis  story  shears  in  the  tower  and  approximately 
10  percent  less  than  the  |9o4  UBC  equivalent  yield 
stress  basis  story  shears  in  the  basic  structure. 

4.  When  comparable  acceleration  levels  are 
specified,  the  TM  5-809-10  Appendix  provisions  yield 
story  shears  which  arc  in  reasonable  agreement  with 
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Comparison  of  Frame  Weights  and  Base  Shears  for  Three-Story .  Moment  Resistant  Steel  Frame  Building 
(Metric  conversion  factors  1  lb  =  4.4  N,  I  kip  =  4.4  kN,  and  I  lb/ft2  =  47.4  Pa.) 


Design  Provisions 


75  STACK' 

78  ATC- 3 

78  ATC  3 

TM  5  809  10 

Quantity 

Static 

Dy  nantic 

Appendix 

1  tame 

Weight  tlt*s  of  steel  trained 

1  3.041 

18.184 

13.194 

24.329 

Ratio 

1  tame  Wcight/?5  SI  UK  1  tame  Weight 

1 .00 

1  39 

1 .01 

1.87 

Added 

Weight  Unit  1  iooi  Area  (Ibt/ft*) 

0 

0.56 

0.02 

1  22 

(.'enter 

1  rainc  Base  Shear  iktp) 

92.0‘ 

54.9 

44.5 

300  5 

Rath» 

Rase  Shear  7 S  SI  MK*  Base  Shear 

1  00 

0.60 

0.48 

3.27 

*SI  UX  computed  haw  shcat  multiplied  b>  I  - S  to  preside  consistent  >ield  stress  basts  lot  comparison 


the  slots  shears  obtained  tit  AA's  time  history  modal 
analysts,  except  lot  the  Unset  stories  in  the  N  S  direc¬ 
tion  where  they  diffet  by  appioximately  '0  percent. 

5.  (ienetally,  the  lateral  deflections  in  the  N-S 
direction  ate  in  better  agreement  than  the  lateial 
deflections  m  the  1  \\  directions,  with  the  exception 
that  m  both  directions,  the  lateral  deflections  from  the 
original  design  are  quite  small  and  bear  little  resem¬ 
blance  to  the  lateral  deflections  obtained  by  the  other 
analysis. 

The  major  conclusions  with  respect  to  the  applica¬ 
tion  of  the  various  provisions  to  the  design  of  a  three- 
story.  moment  resistant  steel  frame  building  are: 

1.  The  1478  ATI’-. I  provisions  yield  story  shears 
that  are  approximately  50  to  bO  percent  of  the  1 475 
STACK'  stoiy  shears,  while  the  TM  5 -SO1*  10  Appendix 
provisions  yield  story  shears  that  are  approximately 
525  percent  greater  than  the  1 4 7 5  STAOC  story 
shears. 

2.  The  I'M  5-804-10  Appendix  story  shears  are 
significantly  greater  than  either  the  1475  STACK'  or 
the  |47S  ATC.'  story  shears.  This  difference  is 
primarily  attributable  to  the  difference  in  philosophies 
which  underlie  the  various  design  provisions.  The  TM 
5-804.it)  Appendix  provisions  are  intended  to  provide 
reasonable  assurance  that  essential  facilities  will  remain 
functional  following  an  earthquake,  while  the  STACK' 
and  VTC-5  provisions  are  intended  to  mininu/e  the 
hazard  to  life  and  provide  reasonable  assurance  that 
facilities  will  not  collapse.  essential  facilities  simply 
cannot  undergo  the  large  inelastic  deformation  which 
occurs  near  collapse  and  still  remain  functional. 


5.  While  there  is  significant  difference  between  the 
1478  ATC- 5  and  TM  5-804-10  Appendix  story  shears, 
there  is  very  little  difference  in  their  lateral  deflections. 

4  The  lateral  force-resistant  frames  designed  in 
accordance  with  the  1478  ATC-5  modal  analysis  pro¬ 
cedure  and  the  ST  ACK'  provisions  have  nearly  identical 
weights,  while  frames  designed  in  accordance  with  the 
1478  ATC- 5  equivalent  lateral  force  procedure  and  the 
I’M  5-804-10  Appendix  provisions  have  weights  that 
are  approximately  one  and  one-half  and  two  times 
as  much,  respectively,  as  the  STACK'  design.  However, 
this  increased  quantity  of  steel  should  have  only  a 
nominal  (1  to  2  percent)  impact  on  the  building's  total 
cost  because 

1  The  building's  structural  system  consists  of  seven 
load-carrying  frames  in  the  transverse  direction,  sec- 
ondaiy  ftanung  systems,  and  floor  systems  With  the 
exception  that  three  of  the  seven  frames  are  lateral 
force-resistant  ftames.  the  remainder  of  the  structural 
sy  stem  is  not  affected 

2  Tot  this  type  of  building,  the  stiuctui.il  system 
represents  approximately  15  to  20  percent  of  the  total 
cost  of  the  building.  Thus,  if  the  structural  system's 
cost  increased  by  approximately  10  percent,  the  build¬ 
ing's  total  cost  would  only  increase  by  about  2  peieent. 
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